Purpose of the study: The purpose of this study was to report clinical features, neuroimaging, and visual outcome in pediatric optic neuritis (ON) in Indian population. Materials and Methods: This is a retrospective study of children up to the age of 16 years, diagnosed with ON, that presented at pediatric and neuroophthalmology clinic of a tertiary eye care center, in South India, within the period of 2010-2015. Results: We identified 62 eyes of 40 children diagnosed as ON within the study period. The mean age was 11.15 ± 3.24 years (1-15 years) with mean follow-up of 13 months. In this series, there was female preponderance (67%). Mean logarithm of the minimum angle of resolution visual acuity at presentation was 1.14 ± 0.93, which after treatment recovered to 0.10 ± 0.26 at final visit (P < 0.001). Involvement was bilateral in 22 children (55%) and recurrent in 3 eyes of 3 children. Preceding febrile illness was reported in seven cases (18%). Four (10%) cases were diagnosed as multiple sclerosis (MS), one with neuromyelitis optica , and one with acute disseminated encephalomyelitis. One case was associated with tuberculous meningitis, 1 with septicemia, and 1 with bilateral maxillary sinusitis. Neuroimaging studies of optic nerve in 14 children demonstrated isolated optic nerve enhancement. Magnetic resonance imaging brain revealed white matter T2 hyperintense lesions separate from optic nerve in ten cases, of which four cases were diagnosed as MS. Conclusions: Bilateral presentation was common, association with MS was low. Papillitis was more frequent than retrobulbar neuritis and prognosis was good in pediatric ON in Indian population.
Optic neuritis (ON) can be defined as a pathologic process, whereby inflammation of one or both optic nerves leads to visual dysfunction. It can be a presenting symptom of various pediatric central nervous system disorders and may be associated with dramatic visual loss. [1] It is widely accepted that in children, attacks of ON usually occur following a febrile illness, tend to affect both eyes, are frequently associated with swollen discs, improve rapidly, with good outcomes. [2] [3] [4] [5] The rate of conversion to multiple sclerosis (MS) is not exactly determined; studies have reported rates from 4% to 36%. [2, [6] [7] [8] [9] [10] Absoud et al. [11] showed that the risk of development of MS or neuromyelitis optica (NMO) after isolated ON was high, with a cumulative probability of 0.45 at 2 years. Still there are varying differences in the studies done previously. Studies from Asia present a contrasting scenario. A study done in Korean population showed only 4% of children with MS. [9] Various studies carried out in Southeast Asia in adults had indicated that the clinical profile of ON in these regions may be different from that presented in the Western literature. [12] [13] [14] [15] [16] In addition to that, it is well known that genetic and environmental factors play an important role in the prevalence and clinical expression of demyelinating diseases. [2] To the best of our knowledge, this study is the first series of childhood ON reported in the Indian literature. Therefore, the present study was undertaken to evaluate clinical characteristics, neuroimaging findings, and visual outcome of pediatric ON in India.
Materials and Methods
The medical records of all children <16 years of age diagnosed with ON over a 5-year period (2010-2015) were retrospectively reviewed. The clinical diagnosis of ON was made on the basis of acute or subacute visual loss of 2 weeks or less, an afferent pupillary defect, color vision defect with or without optic nerve swelling, field defects, with an abnormal visual evoked potential (VEP), and magnetic resonance imaging (MRI) brain scans. In younger children (<4 years), diagnosis of ON was made when the child was neither able to fix nor follow to light (which child could do before), acute in onset, fundus examination suggestive features of papillitis (if present) and final diagnosis was made after an abnormal MRI brain scan and VEP, for confirming the diagnosis of ON. Other optic neuropathies, such as traumatic, toxic, hereditary, were excluded from the study. Color vision testing was done using pseudoisochromatic Ishihara plates and central fields were done using Bjerrum's screen. Information about age, sex, initial best-corrected visual acuity (VA), treatment, final best-corrected VA, MRI, and associated systemic conditions was recorded. In This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
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Ophthalmology Practice all cases, the recovered VA was the final VA. MRI brain was done for all cases.
ON was classified as unilateral or bilateral. Patients were considered to have bilateral ON if involvement of both eyes occurred within 2 weeks of each other. All children received intravenous corticosteroids followed by oral corticosteroids in tapering doses, adjusted according to the age and weight of the child. The study was conformed to local laws and was compliant with the principles of the Declaration of Helsinki.
Statistical analysis
Mean (standard deviation) and frequency (percentage) were used to describe the summary data. Wilcoxon signed-rank test was used to compare the mean difference of VA between baseline and follow-up visits. The statistical analysis was done using Statistical software STATA 11.1 (Texas, USA). P < 0.05 was considered as statistically significant.
Results
We found 62 eyes of 40 children diagnosed as ON, fulfilling the inclusion and exclusion criteria, who presented within the study period. The mean age of presentation was 11.15 ± 3.24 years, ranging between 1 year and 15 years of age. Mean follow-up period was 13 months (0.2-64 months). Patients with demyelinating lesions on MRI were followed up for longer period (3-5 years). There was female preponderance in our study with 27 (67%) females. Table 1 shows the comparison of initial and final VA. Thirty-five eyes (57%) presented with VA <20/200; 10 eyes (16%) presented with VA better than 20/40. After treatment, 53 eyes (86%) achieved VA better than 20/40; 7 eyes (11%) still had VA <20/200. Mean logarithm of the minimum angle of resolution (logMAR) VA at presentation was 1.14 ± 0.93, which after treatment recovered to 0.10 ± 0.26 at final visit, this was statistically significant with P < 0.001.
Twenty-two children (55%) presented with bilateral simultaneous involvement of optic nerve. Fundoscopy revealed papillitis in 38 eyes (61%); 24 eyes (39%) were diagnosed with retrobulbar neuritis. Three eyes of three children had recurrent episodes of ON (two of them had papillitis; one had retrobulbar neuritis). Neither of them was diagnosed as MS. Among three cases of recurrent ON, two cases were idiopathic while one case was later on diagnosed to have NMO with positive aquaporin-4 antibodies (NMO-IgG). It was associated with poor visual prognosis. Seven children (18%) had preceding febrile illness within 2 weeks of presentation. MRI brain was abnormal in 26 children; 14 children showed only isolated optic nerve enhancement, 3 children showed demyelinating foci in frontal lobe, and 3 children had similar foci including parietooccipital lobe [ Fig. 1] . None of them were diagnosed to have MS during the follow-up period. Cerebrospinal fluid (CSF) examination could not be done in all cases of ON since parents did not consent for the invasive procedure and due to financial constraints.
One child with MRI brain suggestive of meningitis later was diagnosed with tuberculous meningitis; one was diagnosed with acute disseminated encephalomyelitis following CSF analysis; one case had associated bilateral maxillary sinusitis, and one had septicemia with normal brain scans.
In our series, four children were diagnosed as MS, showing demyelination of various structures of brain including periventricular white matter, subcortical structures, internal capsule, thalamus, and structures of optic pathway including optic chiasm, optic tracts, and optic radiation [ Fig. 2] . Diagnosis was based on the MRI findings supported with clinical evidence. Of the four children, one of them developed transverse myelitis with urinary incontinence, 4 weeks after the episode of ON. In accordance with the recent article by Chou et al., [17] three of the patients in our series can be classified as clinically isolated syndrome and one of them with relapsing remitting MS.
Three cases of MS presented with unilateral ON; one case showed bilateral involvement. All four cases were aged above 10 years and presented with retrobulbar neuritis. None of these cases developed recurrence of any ocular involvement during their follow-up.
Flash VEP was also done in seven cases of ON, in children who had presenting VA better than 20/40 and normal MRI scan. All of them showed prolongation of P 100 waveform.
Discussion
ON in adults has been analyzed extensively through the ON treatment trial. [18] An Indian study done in adults with ON showed female preponderance (70%), papillitis (53.5%), and bilateral presentation (19.3%). Baseline median logMAR VA was 1.6 ± 0.8, which improved to 0.2 ± 0.6, with approximately 64% of eyes retaining VA of 20/40 or more. [16] ON in children differs from that in adults and the data available are limited from the region.
In our study, we described the clinical characteristics, neuroimaging findings, and visual outcome of pediatric ON in South Indian population. Table 2 shows the comparison of various features of pediatric ON with previous reports.
Compared to data in previous studies, there were few differences in results of our study. The rate of involvement of girls was 67% in our study versus 43%-60% in studies done previously, [8] [9] [10] disc swelling was present in 61% of children in our study versus 42%-67% in previous studies, [8] [9] [10] and preceding febrile illness was present in 18% of children in our study versus 28%-66% in other studies. [8] [9] [10] The prevalence of MS was 10% in our study and 4% in another study done by Hwang et al., [9] which is lower when compared to previous reports (26%-36%). [8] [9] [10] Table 3 shows cases of MS reported in previous studies. Wilejto et al. found that bilateral ON was associated with an increased risk of MS, regardless of the age at presentation. [8] Contrary to it, a systematic review and meta-analysis done by Waldman et al. [23] suggested that presentation (bilateral or unilateral) is not a factor in the development of MS. Age and presence of brain lesions outside visual system on MRI were the key variables in determining the risk of MS. They also suggested that the increased risk of MS in older children might be attributable to differences in immune system. In Table 2 : Comparison of various features of pediatric optic neuritis in our study with the previous studies Present study 2016 Wilejto et al. [8] Hwang et al. [9] Morales et al. our study, we had four cases of MS, all of them aged above 10 years, three cases presented with unilateral ON. Ten MRI scans showed brain lesions outside visual system, while only four of them were diagnosed as MS. Lucchinetti et al. [4] reported the largest childhood series of ON to date with the longest period of follow-up. They found a greater risk of developing MS in those patients who had sequential or recurrent ON, compared with those patients who had a single episode of ON occurring in either one eye or both eyes simultaneously. In this study, among three recurrent cases, none of them were diagnosed as MS.
The dissimilarities in the findings can be attributed to differences due to varied period of follow-up, different races, geographical distribution of the population as many of these studies were done in different parts of the world. It is, therefore, possible that in our population, ON in children could harbor some different characteristics from those reported previously. No case series of pediatric ON were available from Indian population; hence, we could not compare our data within similar ethnic population. The present study was conducted with the aim of understanding the clinical picture of pediatric ON in India. There were few limitations of our study, first that we could not perform CSF analysis in all cases and second that the period of follow-up was minimal, so we could not assess rate of conversion to MS.
Conclusions
We found that the clinical profile of pediatric ON in the Indian scenario was similar from that reported in the Western population. However, the percentage of ON associated with MS was lower than the Western population but higher than that reported from other Asian countries.
Bilateral involvement was more common, papillitis was frequent, association with MS was low, lower recurrence rate, and with good visual prognosis were the characteristics of ON in children in India.
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